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and second distortion, components to potain a second 
order, correction signal and a third order correction sig-. 
nal; integrating the second order correction signal' to 
generate a modulator bias control signal; and integrat- 
ing "the third order correction signal to control parame- 
ters of the predistorter, thereby modifying the 
predistortion control signal in response to the modulator 
bias control signal to reduce distortion of the modulated 
optical signal. 
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(57) An external modulation fiber optic transmitter 
includes an optical source, a predistorter for generating 
a distortion cancellation signaLin response to a radio- 
frequency input, an electro-optic modulator for modulat- 
ing the optical signal in response to the distortion can- 
cellation signal, and an adaptive predistortion control • 
circuit for providing a predistortion control signal to the 
predistorter. The adaptive predistortion control circuit 
includes a receiver for receiving the modulated optical 
signal output by the modulator, a filter for filtering the 
intermodulation distortion from the modulated optical 
signal to obtain a first distortion component, a distortion 
generator for receiving the radio-frequency input signal 
from the predistorter and generating a second distortion 
component in response to the radio-frequency input sig- 
nal; a mixer for synchronously demodulating a product 
of the first and second distortion components to obtain 
a correction signal; and a lowpass filter and integrator 
for generating the predistortion control signal in 
response to the residual intermodulation distortion in 
the output of the electro-optic modulator. The predis- 
torter modifies the distortion cancellation signal in 
response to the predistortion control signal, thereby 
reducing distortion of the modified optical signal. Simi- 
larly, a method of adaptive predistortion control for opti- 
cal external modulation includes the steps of generating 
a predistortion control signal; modulating an optical sig- 
nal using the predistortion control signal; transmitting 
the modulated optical signal; receiving the modulated 
optical signal; filtering the modulated optical signal to 
obtain a first distortion component; generating a second 
distortion component using the predistortion control sig- 
nal; synchronously demodulating a product of the first 
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Description 

Technipal Field • /; 

The present invention generally relates to the line- 
arization of nonlinear optical transmission systems by ' 
the generation of a compensation signal and, more par- 
• ticularly, to an apparatus arid method of compensating - 
for the nonlinearities of an optical transmission system 
including at least one optical source, .ah .electronical 
modulator, a predistorter, and an adaptive predistorter s ' 
control circuit. 1 

Background of the Invention ••" ' 

Rber optic CATV systems for transmission of ana- 
log video signals may employ intensity modulation in 
which the optical intensity of the optical signal ; varies' 
directly with the modulation of a radio-frequency (RF) 
carrier. For example, a baseband video signal may be. 
used to frequency modulate or amplitude modulate an 
RF carrier which is in turn used to modulate the intensity 
of an optical signal. ~ * ' 

For analog modulation, a high degree of linearity is 
required. Many CATV fiber-optic transmitters "employ a 
direct modulation technique in which a distributed feed- 
back (DFB) laser is directly modulated by the RF signal 
— A se cond t e chnology is e xt e rna l modu l at i on in whic h-an — 



optical output from an optical source, for example, -a 
laser, is modulated by an electro-optic modulator- in ' 
response to the analog RF signal (or a digital signal). 
The laser and electro-optic modulator together' com- '< 
prise the optical transmitter. ■'■'>' 

However, with external modulation, it is necessary 
to provide some means of linearizing the electron-optic 
characteristics of the optical transmitter in order to meet 
the distortion requirements for CATV applications. With " 
many electro-optic modulators, the optical intensity is a 
raised-cosine function of the electrical input. To ensure 
a linear output of the electro-optic modulator, feedfor- 
ward, optical linearization, and predistortion techniques 
have been developed. Feedforward techniques are 
those in which the distortion of the optical output is cor- 
rected using a second laser or electro-optic modulator 
to produce distortion cancellation signals which are 
added to the optical output prior to transmission: Predis- 
tortion techniques are those in which the RF (signal is 
pre-distorted prior to modulation of the optical output, 
such that the pre-distortions cancel the distortions :pro-: 
duced by the electro-optic modulator, resulting an a* lin- 
ear OptiCal OUtpUt. "'"'-OS '■ . V .' ' 

Predistortion is the more desirable of the technoio- ' 
gies because it ddes'riot involve the added expense and 
complexity of a second laser or-electrd-optic modulator, 
for distortion- canbeilation. However., with using 'open- 
loop predistortion- drcuiiry, : it is difficult to achieve the : 
high degree of distortion cancellation required due to ■ 
sensitivity to environmental changes and changes^ in 



- other parameters. Therefore, an adaptive feedback con- 
trol system is desirable to adjust the predistortion as the 
system parameters change. 

One type of adaptive feedback control as described 
; in U.S. Patent No. 5,161,044 involves "the addition of 
■ one or more low-level pilot signals, which may have fre- 
quencies F1 and F2, to the broadband RF input signal: 
As shown in prior art FIG. 1 (corresponding to Figure 8 
[ of the '044 patent), an optical photodetector 905 and 
' synchronous detectors 907 and 908 at the distortion fre- 
quencies (F2 ± F1 and 2F2 - Fl) are positioned at the 
-output of the electro-optic modulator 902 to detect the 
intermodulation distortion from the two low-level signal 
; i carriers. The intermodulation distortion includes the 
second order and third order beat products of the two 
low-level carriers. The pilot signals and their harmonic 
'and intermodulation products must fall outside of the 
band of CATV signals, such as the frequency band 

- below 50 MHZ. 

Composite second order (CSO) distortion in each 
channel is the total power of the separate sum and dif- 
ference-frequency beats of the other channels falling - 
within that channel. For example, a video channel at 

' -150 MHZ* and another video channel at 204 MHZ may 
produce a second order distortion product at 54 MHZ, 
the difference frequency, and at 354 MHZ, the sum fre- 

• quency. The composite of all second order beats falling 

. with i n a partin l iar channel is tha P.RO nf that r:hannal A 



triple beat is a third-order intermodulation product of two 
-or three fundamental carriers which combine, such as 
-< f (F.1 ± F2 ± F3). (2F1 ± F2), etc. The CTB is the compos- 
ite of all the beats falling in a particular channel for a 
particular range of frequencies. ' 
t A drawback to the system of FIG. 1 is that the inter- 
modulation distortion of the two low-level carriers has a 
relatively low power level which may fall near or below 
the minimum detectable level of the photodetector and 
photodetector amplifier, making this distortion difficult to 
detect. As a result, a very low bandwidth and a long 
integration time are necessary to achieve the sensitivity 
required to detect the low-level distortion components. 
While the low-level distortion signals can be extracted 
from the noise using synchronous demodulation tech- 
niques, narrow bandwidth. RF amplifiers with high 
dynamic range may be required to provide low offset in 
,! the RF-to-DC conversion of the synchronous demodula- 
tor. 

A further drawback of this method is that the distor- 
< tion of the television band itself is not actually measured 
1 1 since' the harmonic and intermodulation products must 
v come form pilot carriers outside of tine CATV band of fre- 
- quencies. The distortion of the television band is-only 
' estimated based on the distortion of the low-level pilot 
o l carriers. As a result, the corrections made by the predis- 
"tortion circuit of Figure 1,. while accurate for the out-of- 
: band pilot earners, may -not be accurate for the televi- 
sion band signals. 
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Summary o * thg Invention 

Therefore, in view of the drawbacks discussed 
above the present invention provides an apparatus and 
method for adaptive predistortion control in which the 
distortion produced by the television band signals is - 
measured. Furthermore, in the apparatus and method 
' according to the present invention, the distortion signal . 
produced by the television;, signals is a relatively high, 
level signal from which the necessary predistortion con-. 
' trol signals may be more easily processed. Moreover, : 
the adaptive predistortion control circuit^according to 
the present invention detects both the amplitude and. 
polarity of distortion within the optical; output, enabling, 
the control circuit to determine how much to adjust the 
predistortion circuit and in which polarity to adjust it r 
A fiber optic;CATV transmission, system according- 
' to the present invention includes an optical, source for, 
providing an optical signal; a predistorter for generating 
a distortion cancellation signal in response to a radio-. 
' frequency input; an electro-optic modulatorfor recewing. 
the optical signal and the predistorter RF and DC output 
signals and modulating the optical signal in response to- 
the signal; and an adaptivepredistortion control circuit: . 
for providing a predistortion cancellation control signal, 
and modulation bias control to the predistorter. The 
adaptive predistortion control circuit includes a receiver 
■ ■ ■ ' -^tic al signa l outp i , it h y t he 



■tjon signal; integrating the error correction signal to gen- 
erate a modulator bias control signal; arid integrating 
the error correction signal to control the predistorter sig- 
nal, thereby reducing distortion of the modulated optical 
5 - signal. 

Various additional advantages and features of nov- 
elty which characterize the invention are further pointed 
" - out in the claims that follow. However, for a better under- „ 
• : ^standing of the invention and its advantages, reference 
10 • should-beimade to the accompanying drawings and 
, /descriptive : matter which illustrate and describe pre- 
~, ferred embodiments of the invention. 



p^of po^ription of the Drawings 

15 .7 - * Fl'a -1 provides a: block diagram of a known optical 
; transmitter;. - , - ~ ' . 

— c.» FIG. 2 provides a block diagram of an optical trans- 
l , ' mitter including -an adaptive predistortion control circuit 
■so according to. the present invention. j 
V; ... FIGS. 3 A, 3Br and 3C .provide diagrams of modula- 
. : tors for use,in the,optica! transmitter of FIG, 2. 

v . . FIG 4 provides a functional block diagram of pper- 
Nation of an . adaptive predistortion control circuit accord; 
filing to the present invention. • '*.."•.. 

raotaiit>ri Description; 



modulator; a bandpass filter for filtering the modulated- 
optical signal to obtain a first distortion component; a 
distortion generator for receiving, the RF signal to be 
transmitted and generating asecond distortion compo- 
nent in response to the RF input; a mixer for synchro-; 
nously demodulating a product of the first and second 
distortion components to obtain; a corrections, signal, 
and an integrator for receiving the correction signal and 
generating the predistortion control signal and bias con- 
trol sional in response thereto. The amplitude of the dis- 
tort^ cancellation signal produced by the predistorter 
is adjusted in response to the predistortion control sig- 
nal thereby reducing odd-order distortion of the trans- 
mitted optical signal. The modulator bias to the electro- 
optic modulator is adjusted in response to. the modula- 
tion bias control from the.adaptive predistortion control 
circuit to reduce even-order distortion of the transmitted 

signal. " " : .. ... 

A method for adaptively controlling predistortion in 
a fiber optic transmitter: having an external modulator 
and a predistorter includes the steps of generating a 
predistortion signal in response to a radio-frequency 
input signal to be transmitted; modulating an optical sig- 
nal using the predistortion signal; transmitting the mod- 
ulated optical signal; receiving the modulated -optical 
signal; filtering the modulated optical signal to obtain a 
first distortion component; generating a. second distor- 
tion component using the radio4requency input signal; 
synchronously demodulating a product of the first and 
second distortion components to obtain an error correc- 



-with reference to FIG. 2, a transmitter for; use in.a, - • 
; 3b :i >1 *er ^ptic^com^unications system according to they 
- , ' present invention includes an optical source ,101 , a pre- >r 
=- distorter 102, ^external modulator 103, and an adap- . 
five predistortion control circuit 104. Communications, 
system as used herein broadly, refers to a system for 
35 communicating, information from one point to another. . 
The information may include, but is not limited to, analog •: 
video, analog audio, digital video, digital audio, text, 
-~ services such as . news articles, sports, scores, stock 
; market quotations, and weather reports, electronic mes- 
, 40 sages, electronic program guides, database informa- 
tion, software. including game programs, and wide area 
network data. - - -.. ... 

, Optical source 101. may be,; for example, a high 
. ' power narrow linewdthdistributed.feedback.(DFB) laser 
4S , or a diode-pumped solid-state . laser, which are commer- 
cially available from many ^domestic, and foreign, manu- 
facturers. Optical source: .10* generates, an optical 
carrier 105 which -is ^ suosequerfly intensity-modulated 
by the electrv>optic modulator ,1 0.3 in. accordance with a 
so radio-frequencyi(RF) signaldO?. for examples RF.tel, 
. . elision band signal. Notably, the modulator 1.03 modu-. 
, - lates the optical earner s 05 in fjesponse. to both the input 
- RF television band signal and predistortion signal pro- 
• „ -/vided by arjpredistorter. 102 . described: in detail, below,.: 
55 Ihus,the modulator. 103- modulates. the loptical carrier. 
105 in accordance, with a predistorted.RF signal. , 

The. electro-optic modulator 103 has a raised, 
cosine response such that the intensity of the. output 
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signal from the modulator 103 varies as the sine of the 
RF input amplitude. While other modulators may be 
used without departing from the scope of the present 
invention, it is preferable that the intensity of the output 
of electro-optic modulator 103 signal vary linearly "with ■ 
the RF input signal amplitude. '-■ •• \> ' ~ - 

The modulator 103 may be a single-stage Mach- 
Zehnder (MZ) interferometric modulator (M2I) con- 
structed either with a single or with a dual complemen- 
tary output. ^ 
• A single output MZI structure is composed of a Y- 
branch or a 1x2 directional coupler at the input with a Y- ' ' 
branch interferometer at the output as shown in Figure ' 
3A. The single output MZI includes a polarization main- ' 
taining (PM) fiber input 301, an RF port 302, a bias port : 
303, and a standard single-mode fiber output 304. 

A complementary output MZ structure is composed 
of a Y-branch or a directional coupler at the input and a " 
2x2 directional coupler at the output a shown in Figure 
3B. Such modulators show a raised cosine input-output 
nonlinear transfer characteristic with very high extinc- 
tion ratio (on-to-off transmission ratio): The dual output 
MZI includes a PM fiber input 310, an RF port 311, a 
bias port 312, a photodetector 313, and two SM fiber 
" outputs 314 and 31 5:' .'• / 

r Since the dual output Y-fed balanced modulator has 
an extra available output for distribution of AM-VSB mul- 
- tichannel sirinals it is preferred hvpr tha eing io r,^, ^ 



: MZI. A polarized light from a single-frequency laser : . 
^ source, such as from a Distributed Feedback (DFB) 
- semiconductor laser- source, is launched into the input - 
port of the modulator. The optical field while passing' 
through the two UNb0 3 waveguide arms can be phase 
modulated when an RF signal is applied through the RF 
port at a set DC bias voltage (applied through the DC ; 
port). The optical field at each waveguide arm is 180? . 
out of phase prior to being combined by the 2 x 2 cou- 
pler or by the Y-branch combiner. For maximum optical 
power transfer through the modulator arms, the state of 
polarization of the incoming optical field is aligned to the; - 
polarization axis (slow or fast) or the modulator. For mul- 
tichannel analog'CATV signal transmission, the device 
is biased at the quadrature point where linearity is max* 
imized. When electro-optic modulators are operated at 
the quadrature point the second-order distortion com- « 
ponents are canceled and only odd-order distortion 
components are present. ~ :.. - 

The inherent third-order non-linearity of the MZI 
can be canceled by parallel or serial cascading two MZI. ;. 
(also known as optically linearized MZI) as shown in 
Figure 3C. The optically linearized MZI of Figure 3C 
includes a PM fiber input 320, a first RF port 321 . a first 
DC bias port 322, a second RF port 323. a second DC 
bias port 324, and two SM fiber outputs' 325 and 326. > , . 

With reference to Figure 2. the predistorter; and RF s 
amplifier 1 02 are provided to ; compensate for. the:non- . . 
linearities of the electro-optic modulator. The predis- 
torter 102 receives ah RF input representing the televi- 



sion or other signal to be transmitted. In response to the 
input RF signal, the predistorter 1 02 provides a signal to 
the electro-optic modulator 103 including both the RF 
input (311 in Figure 3B. for example) and a DC bias 
(312 in Figure 3B, for example). In response, . the 
waveguides vary the amplitude of the optical carrier sig- 
nal provided by optical source 101. When.the outouts 

< from each waveguide are summed, the resulting signal 
is an intensity-modulated signal such that the intensity 

i variations correspond to the RF input. . " 

ing to the present invention includes an optical receiver 
■110 for receiving an optical output from the modulator 
103; second and third order distortion generation cir- 
cuits 111 and 112 for respectively generating second 
' order and third order distortion signals; bandpass filters 
1 13- 1 14, 115, and 1 16; mixer circuits 1 1 7 and 1 18; low 
pass filters 119 and 120,vand integrators 121 and 122. 

Functionally, the control circuit 104 has two parts. 
The first part is a second order correction component 
which controls the bias point of .the modulator such that . 
the output of the modulator 103 is biased at the "quad 
" rature point" (zero degrees of the sinusoidal transfer 
function) at which there is no second order distortion. 
Therefore, the second order correction component pro- 
o vides a DC input to the predistorter 102 which, in turn, 
adjusts the DC bias of the modulator 103 accordingly. 
=■ Thft sftcnnd rnrtpr norrp ctin n r n mponpnt ns tha mmm\ 



circuit 104 includes optical receiver 110. bandpass filter 
' 115, mixer 1 17, bandpass filter-.11 3, second order dis- 
: tortion generator 1 1 1, lowpass filter 1 19, and integrator 
121. ■ , . 

" • The second part of control circuit 104 is a ttiird 
order correction component which adjusts the parame- 
ters of the predistorter 102 to achieve cancellation of 
third order distortion generated by the nonlinear transfer 
function of the modulator 103. The third order correction 
component includes optical receiver 110, bandpass fil- 
ter 116. mixer 118. bandpass filter 114, CTB distortion 
generator 112, lowpass filter 120, and integrator 122. 

Several different types of second order and third 
order distortion generators are disclosed in co-pending 
U.S. Application Serial No. 07/958,976, filed October 9, 
1992. incorporated herein by reference. Any of the dis- 
tortion generation circuits disclosed rn this application 
may be used in the adaptive predistortion control circuit 
1 04 according to the present invention. Other distortion 
generators capable of producing accurate second order 
and third order intermodulation distortion may also be 
used without departing from the scope of the present 
r invention. 

The operation of control circuit 104 is as follows. 
The RF input signal to be transmitted over the optical 
link is provided to the second order distortion generator 
- 111 and the third order distortion generator 112. Sec- 
ond order distortion generator 11 1 generates a com- 
posite second order (CSO) distortion due to 
intermodulation of the carriers of the input RF signal. 



a. 
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This CSO distortion^ output to bandpass filter 113 - • 
which has its center frequency at one of the CSO fre- 
quencies below the band of the RF input signal (below 
50 MHZ for NTSC CATV transmissions) to prevent over- 
load of the following circuits by the TV carriers Forthe , 5 
NTSC CATV frequency plan, carriers are spaced 6 ^ HZ . 
apart and CSO distortion components fall at 6 MHZ -r 
harmonics from 6 MHZ up through the TV bano\ An 
appropriate frequency for bandpass filter 113 would beg- 
one of the 6 MHZ harmonics from 6 to 50 MHZ. v 

Similarly, thethird order generator 1 12 generates * 
corhposite triple beat (CTB) distortion components from , 
the input RF signal. This CTB component is output to 
bandpass filter 1 14" which also has its certer.f requency 
below the band of the RF input, signal. For the NTSC. .. 
CATV frequency plan, carriers *re offset by 1.25 MHZ 
from 6 MHZ harmonics. The preponderance of CTB^ 
components is from carrier combinations, of the form , 
FT+F2-F3 These CTB components fall at carrier f re- ; 
quencies and at frequencies of 1 .25: MHZ. 7.25; MHZ, : 
1 3 25 MHZ, etc. An appropriate frequency for bandpass 
•filter 114 would be one of the CTB frequencies below 50 ,■ 

The output of bandpass filter 113 passes to mixers 
117. The output from bandpass filter -1 14 passes to 

miXe optical receiver 110 is coupled to the output of 
modulator 103. Try*- H r vin n transduces th o optic al si g -^ 
nal output by modulator 103 .to an. electric^signal 
means of a photodiode and amplifier. The [resulting, 
electric signal is applied to bandpass filters 115 and. 
1 16 The center frequency-for filter i 15 is the same as. 
for filter 113. and the center frequency for filter -116 is : 
the same as for filter 1 14. The outputs of filters 1 15 and 
116 are respectively provided to mixer circuits 117 and 

1 1 8 To detect second order distortion in the modulated 
optical signal, mixer circuit 117 multiplies the second .= 
order component generated by second order distortion , 
generator 1 1 1 with the second order signal from band- 
pass filter 115. This multiplication process synchro- > 
nously demodulates the undesired CSO distortion 
generated by the intermodulation of the RF carriers and 
. results in a first baseband correction signal. This syn- 
chronous demodulation process. as it is commonly 
known, results in the system noise bandwidth being 
equal to the baseband noise bandwidth. 

The first error correction signal is then output from 
mixer ll7toalowpassfilter 1 19-which might have afre- 
quency cut-off in the low audio frequency range.. The 
resulting error signal is applied to an integrator 1 21 . The 
output of integrator 121 is connected through 102 to the 
DC port of modulator 103. In this way. the bias point of 
the modulator is adjusted to compensate for tempera- 
ture changes and drift in the" modulator to maintain 
operation continuously fixed at the quadrature point, 
and the second order distortion is suppressed in the 
optical output of the modulator 1 03. 



To minimize third order distortion from the modu- 
lated optical signal, mixer circuit 1 18 multiplies the third . 
order component generated by third order distortion 
generator 112 . with the . third , order (CTB) component 
from the outputiof the modulator 103 and synchronously , 
demodulates the product of the two waveforms to obtain 
a second correction signal. The second correction sigr 
. nal is then output to a lowpass filter. 120 which might .. ; 
' have a frequency- cut-off in the low. audio frequency 
' range. The.integrator 122 generates an appropriate pre-, 
-distortion cancellation control signal which is provided 
.'to thepredistorter102.The signal includes both polarity . 
and amplitude adjustments which enable the predis- 
i torter 102 toadjust the RF signal to compensate for the 
' third order distortion in the modulated optical output As 
a result, the third , order distortion may be eliminated 
. from the optica) output without causing higher order dis- 
tortions in the optical output.^ . 
" The operation of the distortion generators 111 and 
i i v\2 are described in.further detail in U.S. Patent Appli- 
-.. . cation SeriahNo. 07/958.976 filed October 9. 1992 and 
incorporated herein by reference. . 
.. >...a method of adaptive predistortion control accord- 
ing to the present invention will now be described with 
5 "« reference to FIGS. 2 and 4, This method includes the 

retepsof: • t 
■ r . r> n p ^n g ' a prprtistnrtion sign a l input Signal 



in ■respohse to an RF ; inpui signal to be trans- 
''so'^'z^'-'-** mitted,. • H- ■ ' . • 
: -..'402 -: Modulating an optica) signa) using the predis ? . . 
r ; - f ;: . tortion signal*. ; • / ; : , •' 

.- . 463 - Transmitting the modulated optical-signal; 

404 - Receiving.the modulated optical signal; 
, 35- 405 - FjHering the modulated optical signal to. obtain 
: \ a first distortion component; ■ - 

406- Generating a second distortion component 
, - - using thei RF input signal; t- 
'. 407 - Synchronously demodulating a product otthe 
■ 40. ,.. : first, and second distortion components to 
obtain an error conection signal; 
.,408- Integrating the error signal to.generate a mod- 
: ujator bias control signal; and 
-, 409 - Integrating the error signal tq. generate a con- 
45 trol signal to -control .thepredjstorter signal.. 

thereby, reducing . distortipnt of the modulated 
optical signal. 

m th©'methW^r«ngW>e. pt«sent t iiven«on, . 

so the distortionsignals .may be .for.. example second.order 
y.; ■ distortion.. thiidortie^ 

■r etc. - n ~< ' '" - 

- - ■ While the.prjesent invention has bean particularly. 

i .described with reference to-tbe p^efen-edjembodjments. 
V55 ; it should be^eadily,appar.ent.to 1 -those of- : ordinary = «kill .n, 
the art that'Changes and .tnodHications-.inrform' and 
details may be made without, departiog from the spirit, 
and scope of the invention. It is intended that the 
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appended claims include such changes and modifica- 
tions. 



An adaptive predistortion control circuit for usein~ 
an external modulation fiber optic CATV transmitter, •■ 
comprising: ; ' / - 

an optical receiver for receiving an optical outi' ..i'jo ? 
put from said transmitter; - '■ C / 

a bandpass filter for filtering said received opti- ; . 
cal output to obtain a first distortion compo- . *. 
nent; 

a distortion generator for generating a second . is 
distortion component; 

a mixer circuit for synchronously demodulating 
said first and second distortion components to* 
obtain a correction signal; and 
an integrator for integrating said correction sig- '20 
nal, thereby generating a predistortion :control :, . 
signal to reduce distortion in said optical output 
of said transmitter. - |. ^ 

An external modulatioh'fiber optic CATV transmit 25 
~ ter, comprising: - ■ „;?,;' ; _' 



nal; " 

a predistorter for generating a distortion can- 
cellation signal in^ response to a radio-fre< 
quency input; • „ 

an electro-optic modulator for receiving said 
optical signal and said distortion cancellation '•: 
signal arid modulating said optical signal in; 
response to said distortion 'cancellation signal ; 
and 

an adaptive predistortion control circuit for pro- ' 
viding a predistortion cancellation control sig- 
nal and a modulation bias control signal, said 
circuit comprising . 



a receiver for receiving said modulated 
optical signal output by said modulator; 
a filter for filtering intermodulation distor- 
tion from said modulated optical signal to 
obtain a first distortion component; \ 
a distortion generator for receiving a ratiio- 
frequency input signal from said predis?- 
torter and generating a second distortion- 
component in response to said radio-fre- 
quency input signal; . . . 

a mixer for synchronously demodulating a 
product of said f irsYand second distortion 
components to obtain a correction signal; 
a lowpass filter; and 

an integrator, said lowpass filter and said 
integrator generating said predistortion 



cancellation control signal and said modu- 
lation bias control signal in response to 
residual intermodulation distortion in the 
output of said electro-optic modulator; 

wherein said predistorter modifies 
said distortion cancellation signal in . 
response to said predistortion cancellation 
control signal, and wherein a. bias of said 

■ said electro-optic modulator isadjusted in . 

, response to said modulation bias control 
\ , signal, thereby reducing distortion of said 

: modified optical signal. 

A method of adaptive predistortion control for opti-. 
cal external modulation, comprising the steps of: 

generating a predistortion signal in response to 
a radio-frequency input signal to be transmit- 
ted; . 
modulating.an optical signal using said predis- 
tortion signal; -• 
transmitting said modulated optical signal; 
receiving said modulated optical signal; 
filtering said modulated optical signal to obtain 
a first distortion component; 
' - generating a" second distortion component 
using the radio-frequency input signal; 
<yhrhr n nm i< ; l v riem nrii Ma tin g a prnHnrt of Ra iH 

- first and second distortion components to 

- obtain an error correction signal; 

■ integrating said error correction-signal to gen- ^ 
erate a modulator bias control signal; and - 
integrating said error correction signal to con- 
trol the predistorter signal, thereby reducing 
distortion of said modulated optical signal. 

A method according to.claim,3, wherein said error 
■ correction signal includes a second order correction 
signal and a third order correction signal. 

A method according to claim 4, wherein said sec- 
ond order correction signal is integrated to generate 
said modulator bias control signal and said third 
order correction signal is integrated to control said 
predistorter signal. 
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FIG. 3C 
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GENERATING A PREDISTORTION 
CONTROL SIGNAL 



MODULATING AN OPTICAL SIGNAL USING 
THE PREDISTORTION CONTROL SIGNAL 
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TRANSMITTING THE MODULATED 
OPTICAL SIGNAL 



RECEIVING THE MODULATED 
OPTICAL SIGNAL 
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FILTERING THE MODULATED OPTICAL SIGNAL 
TO OBTAIN A FIRST DISTORTION COMPONENT 
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GENERATING A SECOND DISTORTION COMPONENT 
USING THE PREDISTORTION CONTROL SIGNAL 
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SYNCHRONOUSLY DEMODULATING A PRODUCT OF THE FIRST 
AND SECOND DISTORTION COMPONENTS TO OBTAIN AN 
ERROR TERM 
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INTEGRATING THE ERROR TERM TO GENERATE A 
I U- MODULATOR BI AS CONTROL SIGNAL , 



MODIFYING THE PREDISTORTION CONTROL SIGNAL IN 
RESPONSE TO THE MODULATOR BIAS CONTROL SIGNAL, 
THEREBY REDUCING DISTORTION OF THE MODULATED 
OPTICAL SIGNAL 
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